rated a mix of urban, suburban, and rural settings.
Designed to act synergistically to reduce alcohol-related injury and trauma, the 5 prevention components at each intervention site attempted to (1) mobilize the communities to support the preventive interventions through the formation of community coalitions and the use of media advocacy; (2) assist alcohol beverage servers and retailers with alcohol consumed on the sites of the bar or restaurant, ie, on-site drinking, as well as in developing and implementing beverage service policies to reduce intoxication and driving after drinking; (3) reduce underage access to alcohol by training of retailers who sell alcohol for consumption away from the retail outlet, ie, off-site drinking, and increased enforcement of underage sales laws; (4) increase actual and perceived risk of apprehension while driving after drinking through enhanced enforcement efforts such as roadside checkpoints and use of passive alcohol sensors; and (5) assist communities in developing local restrictions on access to alcohol through local zoning powers and other municipal controls on outlet density. Evidence regarding the efficacy of each component had been obtained in prior community studies 7 but the components had never been used together within a comprehensive program intended to reduce alcohol-related injuries. Thus, the trial focused on changes in the social and structural contexts of alcohol use that would alter acute heavy drinking, which, in turn, would reduce injury and death.
After initial implementation, comparisons between interventions and matched comparison communities showed that the project (1) increased media attention to alcohol issues relative to comparison communities when estimated levels were converted to z scores (community mobilization 8 ); (2) altered responsible beverage service policies at bars and restaurants by training 409 managers and servers, largely from establishments targeted based on their alcohol sales volume (responsible beverage service 9 ); (3) reduced successful underage purchase of alcohol from 44% to 17% (underage drinking 10 ); (4) expanded enforcement of drinking and driving laws by establishing 410 sobriety checkpoints (drinking and driving 11 ); and (5) implemented stricter zoning restrictions in 2 of the 3 communities while closing several problem outlets (alcohol access 12 ).
Intervention Stages
The interventions were implemented in 6 successive stages in each of the intervention sites (TABLE 1) . The intensity of phase 1 activities was indexed by the rate of use of newly provided breath testing devices by police departments (reflecting the prominence of the drinking and driving component during this phase). Phase 2 activities were indexed by the rate of use of police roadside checkpoints for detecting drinking and driving (coordinated with increased license review and regulation of the alcohol access component). Phase 3 activities were indexed by the rate of police-administered on-site stings for enforcing responsible beverage service practices (coordinated with on-site trainings of the responsible beverage service component). Phase 4 activities were indexed by the rate of offsite trainings offered to establishments in each site (coordinated with off-site underage sales stings of the underage drinking component). Given the fine temporal grain of the alcohol-related crash and archival hospital discharge injury data (see below), these indices were used as constructed in analyses of these outcomes. The dates of onset of each phase of activity in each experimental site were used to form intervention pulses, which are variables that represented the period before and after the onset of intervention activities.
Data Acquisition
It was hypothesized that the interventions would modify alcohol consumption patterns, such as binge drinking and driving after drinking, which would result in reductions in alcohol-related traffic crashes and assaults. Therefore, outcome measures were selected to reflect both drinking and alcoholrelated injuries.
Based on an earlier assessment of the statistical power needed to detect effects of the interventions on alcohol consumption, approximately 120 general population telephone surveys per month of randomly selected individuals from households in each intervention and comparison site were completed over 66 months. Each community was defined by a set of ZIP codes and respondents were screened for household membership within these areas. Samples of random-digit dialing telephone numbers (replicates) were released for interviewing each week, with all numbers called, households screened for participation, and interviews conducted within 30 days' time (including initial calls, call backs, household screens, respondent selection, and interviewing). On contact, interviewers enumerated household members aged 18 years or older, and 1 adult member of the household was randomly selected for the interview. Completion rates ranged from 78% to 82%, and response rates ranged from 58% to 67% (completed surveys divided by known eligible respondents), across the years of the survey (full details on sampling procedures, weighting adjustments, and measures of response rates appear in related publications). [13] [14] [15] Six self-reported measures were obtained from the general population survey. Within every 3 months of the survey, the proportion of respondents who reported alcohol consumption was assessed. Among persons who drank, selfreports of the average frequencies of drinking were obtained and quantities consumed per drinking day were estimated on the basis of responses to a series of drinking questions (ie, numbers of occasions drinking 2, 3, 6, and 9 or more drinks). Since drinking quantities vary over time and these variations are directly related to probabilities of heavy drinking, variances in drinking quantities were also estimated from the continued drinking data (notably, the greater the variance in drinking quantities, the greater the likelihood of alcohol-related trauma). 13, 15 These estimates rely on a specific data acquisition system and mathematical model of drinking that has been shown to represent more comprehensively the range of drinking patterns exhibited in human populations. 15 Frequencies of driving while intoxicated were obtained from answers to a question about the number of days in the past 6 months a person had driven after having had "too much to drink." Frequencies of driving when over the legal limit were obtained from responses to a question when the respondent felt he/she had driven when "over the legal limit." Responses to all items were averaged across respondents within every 3-month period and communities.
Traffic record data on motor vehicle crashes were collected from all sites from January 1988 through December 1996. These data were obtained from the California Statewide Integrated Traffic Reporting System and the South Carolina Department of Public Safety. Monthly aggregate crash rates were estimated for each community for 3 different types of crashes: nighttime injury crashes (8 PM to 4 AM), all crashes in which the driver was cited for driving under the influence (DUI) of alcohol and, as a control, daytime crashes (4 AM to 8 PM), which are rarely alcohol-related. 2, 16 Driving after drinking crashes can reflect local police enforcement practices, but they have been shown to follow the trends of alcohol-related crashes measured independent of law enforcement. 1, 17 Nighttime crashes have consistently been shown to be alcohol-related. 1, [16] [17] [18] Each crash series was adjusted for change in population size using annual estimates from the California Department of Finance and National Planning Associates Data Services, Washington, DC. Emergency department (ED) surveys were conducted in 1 interventioncomparison matched pair (northern California) and 1 separate intervention site (South Carolina). Permission to conduct ED surveys at the hospitals in other sites could not be obtained. The EDs were attended by interviewers on a weekly or biweekly basis (depending on site) on Friday and Saturday evenings from 9 PM to 2 AM. Over the course of the study, 7817 injury cases were admitted to the EDs and 5941 interviews attempted. Interviews were not attempted for 24% of the admissions Completed interviews included a breath test of blood alcohol content and an assessment of the cause of injury as reported by the person being interviewed. An average of 55 ED injury patient admissions were interviewed in each 6-week period in each site, 19% of which were related to violent assaults (approximately 10). In general, the proportion of positive blood alcohol content levels was greater among assault than motor vehicle injury cases (means of 0.003 vs 0.001 g/dL, respectively), but there were too few observations per period for time series analysis of alcoholrelated assaults alone. As a consequence, the ED analyses focused on 1 outcome: number of injury assaults per 6-week period. The ED studies have demonstrated strong relationships between drinking and violent assault injuries. 20 Supplementary analyses revealed that respondent attrition did not bias estimated intervention effects and that alcohol was involved in far more assaults than can be attributed either to background demographic characteristics or drinking patterns.
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Archival hospital discharge data were used to measure the observed number of assault cases admitted into hospitals every month from each community. As such, the measure of assault injuries here refer only to those more serious assault cases that resulted in at least 1 overnight stay at the hospital. Since reports of assault rely on the availability of cause of injury codes (Ecodes), 19 and these were unavailable from the South Carolina sites, only 2 matched intervention-comparison pairs could be used in these analyses. However, since these data were collected from the much larger geographic areas of whole communities, overall the average numbers of assault cases measured in this way were much greater than those measured in individual EDs (approximately 46 per site per month).
Analysis Design
This evaluation used a longitudinal multiple time series design across the 3 intervention communities. The matched comparison communities served as controls. 21 Within this design, the effects of project interventions can be determined by departures of intervention from matched comparison community outcomes. 22 Thus, the majority of analyses relied on the advantages of the matched design by examining changes in the logged relative ratios of outcome measures in intervention vs comparison communities over time. Using logged relative ratios, negative values indicate a decrease in the rates of each outcome in the intervention vs comparison community and positive values indicate an increase. Seemingly unrelated regression equation models were used to simultaneously analyze the data from the 3 resulting series. In essence, changes in the 3 relative ratios were tracked over time and regressed over variables indicating the onsets of the 4 intervention phases. Separate regressions for each intervention-comparison pair could have been executed but would not provide an overall test across sites of the effects of the interventions. Seemingly unrelated regression equation models enable this test by allowing the comparison of intervention coefficients across matched sites under conditions in which it is assumed that there were no intervention effects (regression coefficients ␤=0 representing no differences between pairs for all 4 intervention series, df=4). A Wald statistic was used to assess the statistical significance of the combined impact of the interventions on experimental vs comparison community outcomes. This combined test also provided an assessment of the direction and overall effect size of intervention impact (a ␤ value constrained to equality across treatments within intervention vs comparison sites). 22 A full set of sociodemographic covariates was included in supplementary analyses of data from the general population randomdigit dial survey. These results were negligibly different from those reported here.
RESULTS

FIGURE 1
and FIGURE 2 present the logged relative rates in the intervention vs matched comparison sites for nighttime injury crashes, DUI crashes, daytime crashes, hospitalized assault cases, and proportion of violent assaults observed in the EDs. TABLE 2 shows reductions in drinking quantities, variances in drinking quantities, and self-reports of rates of driving when having had too much to drink or over the legal limit. While a statistically significant increase in the proportion of respondents who reported drinking in intervention vs comparison sites (from 65% to 66%) was observed, this increase was accompanied by substantial decreases in average quantities of alcohol consumed per occasion and variances in drinking quantities per occasion, measures that reflect heavy drinking. Adjusted mean quantities consumed decreased from 1.37 to 1.29 drinks per occasion, and the variance in average drinks per occasion decreased from 2.20 to 1.74. The observed reduction in heavier drinking levels was accompanied by reduced selfreported frequencies of driving when having had too much to drink and driving when over the legal limit. Adjusted mean frequencies of selfreported driving when having had too much to drink decreased from 0.43 to 0.22 times per 6-month interval. Adjusted mean frequencies of selfreported driving when over the legal limit decreased from 0.77 to 0.38.
Rates of nighttime motor vehicle crashes decreased significantly (Figure 1) in response to the onset and continued application of the interventions. There was a 10% decrease in the number of nighttime crashes per month in the experimental communities relative to expected rates from comparison communities. Reflecting this, there was also a 6% decrease in monthly rates of DUI crashes in experimental vs comparison communities transiently observed during and after the active in-tervention phase. In contrast, there was no decline in daytime motor vehicle crashes.
Assault cases in the ED (northern California sites only) declined at the onset of the program, and hospitalized assault cases declined after full program implementation (Figure 2 ). Using data directly obtained in EDs in the northern California intervention and comparison sites, the decline was 43% (ED admissions per 6-week intervals in experimental relative to comparison sites). Hospital assault cases resulted in lower observed declines in assault rates (numbers per month declining 2% in intervention relative to comparison sites). This later effect on hospitalized assaults is likely due to the accumulated effects of the program (reaching full implementation in January 1996) and the spread of program effects throughout the intervention communities over time. The ED reduction in the northern California sites is consistent with the observed reduction in heavy drinking events in that community (reflecting the contribution of alcohol to violence-related injuries), as well as heavy drinking in all communities.
COMMENT
Evaluations of community prevention programs take place within complex community systems. Residents of communities are influenced by a variety of intrinsic and extrinsic forces that affect their drinking behaviors. These include demographic characteristics that appear related to drinking patterns; characteristics of the local retail market that distributes alcohol; the management systems of retail establishments; enforcement systems responsible for laws regarding sales, distribution, and use of alcohol; and the media that report on all this activity and can be called on to support preventive interventions. Thus, any evaluation of preventive interventions to reduce alcoholrelated trauma in community settings is difficult and subject to many local influences. The preponderance of results from the current study strongly support the observation that environmental prevention programs can work to reduce alcohol-related injury and accidents in community settings.
As an environmentally based prevention trial, the prevention strategies did not target general drinking per se. Indeed, the percentage of persons who reported drinking in the intervention communities contrasted with the comparison communities actually increased (2%) during this trial and the frequency of drinking did not change. The major intermediate effects of this 
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To delineate the effects of the interventions from historical time trends trial on drinking were reduced levels of self-reported alcohol consumption (in terms of average drinking quantities, −6%) and reduced variability in the selfreported amounts consumed per drinking occasion (ie, a 21% reduction in high-variance drinking). Thus, drinking patterns most likely to be antecedents to alcohol-related trauma were modified. That is, self-reported binge drinking, as measured by volume and variance, declined while the percentage of persons who reported drinking slightly increased, suggesting that alcohol-related injury rates may be reduced by modifying drinking patterns without preventing alcohol consumption altogether. This is consistent with the broader literature on binge drinking, which has linked such drinking to drinking problems and other highrisk behaviors.
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The intervention further demonstrated a reduction in nighttime injury crashes even as daytime crashes remained unchanged. After implementing the interventions, we observed average monthly declines of 6% in driving after drinking crashes and 10% in nighttime injury crashes in intervention relative to the comparison communities. Maintained over the length of the postintervention period, these monthly reductions, based on average implementation levels, were related to reductions in rates of nighttime injury crashes by 56 per 100000 adult population per year and reductions in rates of driving after drinking crashes by 67 per 100 000 adult population per year. Across the 3 communities, the total savings from the interventions were 186 nighttime injury crashes and 222 DUI crashes through the end of the postintervention period.
When controlling for background characteristics of ED injury cases, including patterns of drinking and routine drinking activities (eg, drinking at bars), violent assault cases have been shown to be uniquely related to alcohol. 19 The analyses conducted for this article enabled a comparison of expected rates of assaults appearing in the ED relative to those observed after the intervention began. Compared with the expected postintervention rate of assaults appearing in 1 intervention site ED at baseline (112 per year), the intervention reduced assault admissions to 64 per year, resulting in an accumulated reduction of 118 fewer assault cases through the postintervention period (68 per 100000 adult population through December 1996) . A limitation of the ED results is the availability in only 1 matched pair in northern California and a single intervention site in South Carolina. Limitation of the hospitalized assault cases is their availability in the 2 matched California pairs. However, both ED and hospital discharge results were consistent with each other and with the reductions in self-reported heavy acute drinking in all 3 matched pairs. Importantly, during the years of this study, the participating EDs provided emergency medical care only within the geographical service areas defined by the boundaries of this trial, and medical coverage did not change during study years as a result of managed care or emergency medical service policy.
Therefore, the results from the 3 levels of outcome data in this 3-community prevention trial provide evidence that environmental strategies can re- *Data were based on information from 3 intervention communities and 3 comparison communities unless otherwise indicated. †Measure relative to comparison sites through postintervention period (December 1996) . ‡Proportion of population aged 18 years or older, consuming at least 1 drink in the past year. §Number of days consuming 1 or more drinks within standardized 28-day period. Frequency over past 6 months. ¶Data were from 2 intervention and 2 comparison communities. #Data were from 2 intervention communities and 1 comparison community.
